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EXECUTIVE SUMMARY
The purpose of this project was to assess the relationships between two federal programs that support low income households, the Weatherization Assistance Program (WAP) and the Low Income Home Energy Assistance Program (LIHEAP). The specific question addressed by this research is: what impact does weatherizing homes of LIHEAP recipients have on the level of need for LIHEAP assistance? The a priori expectation is that the level of need will decrease. If this is the case, then it can be argued that a non-energy benefit of WAP is the reduction in the level of need for LIHEAP assistance for households receiving weatherization assistance.
The study area for this project was Boston, Massachusetts, which is representative of large northern urban areas. Additionally, Boston was chosen because one of its social service agencies, Action for Boston Community Development (ABCD), administers both WAP and LIHEAP programs. ABCD has a substantial client base of low-income households and was willing to cooperate in this study. In the State of Massachusetts, an income test is used to determine whether low-income households qualify for standard LIHEAP benefits. Benefits provided to eligible households are determined by a schedule that gauges benefit levels based on household income and number of members in the household. Additionally, households that consume large amounts of primary heating fuel can also qualify an additional high energy subsidy. It was expected that weatherization's biggest influence on the LIHEAP program would be in reducing the number of households qualifying for high energy subsidies.
Data were collected for three groups of households that received both weatherization and LIHEAP assistance and for one control group that only received LIHEAP assistance. Table ES-1 indicates the sample sizes, weatherization dates, and winter time periods when changes in energy consumption and receipt of LIHEAP benefits could be expected to be observed. The reason why there is a lag of one year when weatherization impacts upon LIHEAP benefits might be observed is that LIHEAP benefits-specifically high energy benefits-are based on the previous year's primary heat fuel bills. The demographic characteristics of the households in the three groups were similar for some variables and differed for others. The groups were similar in that the average age of head of household was high (over 50 years old), years in home was relatively high (the range was12-15 years), and percent of households headed by females was high (the range was 75-81%). Each group had a higher percentage reporting natural gas as their primary heating fuel (the range was 80-90%) than is reflected in the Boston area, which is around 60%. Although all the average income levels were low, there was some variation in income amongst all four groups. There was also variation in average household size. Control group households were much more likely to live in multi-family dwellings and be Caucasian.
As expected, the clearest impact of weatherization assistance on changes in LIHEAP assistance is shown in decreases in eligibility for high energy benefits post-weatherization. Figure ES-1 indicates that for two weatherization groups, WX1 and WX2, this is clearly the case. Requirements for high energy benefits also decreased for WX3, but this decrease appears one year earlier than anticipated.
A further statistical test also suggests that weatherization has a significant impact in reducing the overall needs for LIHEAP subsidies. However, it cannot be concluded that weatherization alone reduced the need for LIHEAP subsidies. Households in the sample that did drop out of the LIHEAP program had higher incomes, younger household heads, and fewer years in home than those who stayed in the program. These demographics suggest that households that dropped out of the program were more likely to experience income increases to make them ineligible for the program and were more likely to move out of the ABCD service area. Additionally, for no group for no time period did LIHEAP benefits cover all primary heating fuel bills. Thus, the overall conclusions of this study are that weatherization decreased the need for high energy benefits but did not lead to low income households relinquishing the need for standard LIHEAP benefits.
Additional research on the relationships between the WAP and LIHEAP programs could focus on a rural setting instead of an urban setting and could focus on states that administer their LIHEAP programs differently from the state of Massachusetts. With respect to the ABCD program, survey research could focus on why LIHEAP recipient households, both weatherized and nonweatherized, left the LIHEAP program and further data analysis could use actual primary heating fuel bills, which could then be weather adjusted. 
INTRODUCTION
The purpose of this project was to assess the relationships between two federal programs that support low-income households, the Weatherization Assistance Program (WAP) and the Low Income Home Energy Assistance Program (LIHEAP). The former is administered by the U.S. Department of Energy (DOE). The WAP Program "reduces the energy costs of low-income families -particularly the elderly, persons with disabilities, and children -by improving the energy efficiency of their homes and ensuring their health and safety." Any households at or below the higher of 150% of the federal poverty level or 60% of the state median income are federally eligible for this program. To date, approximately five million homes have been weatherized with a resulting average primary heating savings of 23%. LIHEAP is administered by the Department of Health and Human Services (HHS). Through this program, HHS provides funds to states to assist eligible households meet the costs of home energy. Like WAP, any households at or below the higher of 150% of the federal poverty level or 60% of the state median income are eligible for LIHEAP assistance. The state may not set the limit below 110% of the poverty level. Levels of assistance provided to each household are determined by each state. During the fiscal year 2000, states provided regular and crisis heating assistance benefits to approximately 4.1 million households.
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The specific question addressed by this research is: what impact does weatherizing homes of LIHEAP recipients have on the level of need for LIHEAP assistance? The hypothesis explored by this project is that the level of need will decrease. If this is the case, then it can be argued that a nonenergy benefit of WAP is the reduction in the level of need for LIHEAP assistance for households receiving weatherization assistance. We must point out that the number of recipients eligible for LIHEAP assistance may not decrease, because eligibility is not based on household energy use but only on household income. Additionally, the results of this research cannot be used to argue that increases in federal funds for weatherization assistance can be used to justify decreases in federal funds for LIHEAP because a case can be made that the current LIHEAP funding is insufficient to meet the needs of the nation's low income population. However, the results of this project may be used to argue that WAP provides a benefit to LIHEAP by lowering the amount of home heating assistance required by low-income households whose homes have been weatherized so that the overall level of assistance can be decreased for weatherization recipients. This could make more resources available for other households in need.
This project is one of many that have evaluated non-energy benefits attributable to low-income weatherization programs. It has been found that these programs benefit utilities and rate payers by reducing the probability the low income homes will be in arrears, have their service shut off, and require emergency gas service calls. Households benefit from increased property values, fewer fires, and improved comfort. Society benefits in several manners. Reduced energy consumption means, in most instances, less consumption of fossil fuels and, consequently, less emission of air and water pollutants. It has been found that weatherization programs generate local jobs. Reducing expenditures on energy helps to keep money in the community, thereby providing additional local economic benefits. For summaries of non-energy benefits attributable to weatherization programs, please consult Skumatz This is the first study that has assessed the WAP/LIHEAP relationship in a state that runs its LIHEAP program in a common way. This is one of the few studies that specifically assess income transfer benefits of WAP. One study of note by Brown et al. (1993) focused on reductions in the levels of need for unemployment benefits. Our study is unique in that it focused directly on WAP/LIHEAP interactions for a well-defined low income population over a several year period with the benefit of a control group. More details about the research design are presented next in Section 2.
Section 3 presents the results of this research. Section 4 provides concluding commentary. Appendix A provides detailed primary heating fuel price and heating degree day information. Appendix B presents the results of two statistical approaches developed to isolate the impacts of weatherization on levels of LIHEAP assistance received, taking into account important demographic variables. Appendix C contains the LIHEAP eligibility and benefits schedules used by the State of Massachusetts during the study period.
RESEARCH DESIGN
This project employed a quasi-experimental research pre-and post-treatment design with random sampling and a control group to evaluate the potential impacts of WAP upon LIHEAP. In other words, the research design required a sample of households that received both weatherization assistance and LIHEAP assistance and a sample of households that only received LIHEAP assistance. To the extent possible, data on primary heating fuel use and LIHEAP benefits received were collected for several years prior to and following weatherization.
Because of time and resource constraints, it was decided that this study would focus on one area of the country. The study area chosen was Boston, Massachusetts, which is representative of large northern urban areas in the U.S. Even more specifically, we decided to focus on the area covered by one social service agency in the Boston area, Action for Boston Community Development (ABCD). Incorporated in 1962, ABCD is the largest human services agency in New England with a client base of over 100,000 low-income individuals and families. Among the numerous programs administered by ABCD are WAP and LIHEAP.
3 ABCD staff were very supportive of this project and generous with their time. Access to WAP (non-computerized) and LIHEAP (computerized) program records were provided to this project. Before discussing the research design in detail, a few words about ABCD's LIHEAP and weatherization programs are required. ABCD has an obligation to assist all eligible households that apply for LIHEAP assistance. Each year, the State of Massachusetts develops a table that indicates the level of LIHEAP assistance to be provided to eligible households. For the 2000-2001 heating season, there were five income categories (100%, 125%, 150%, 175%, and 200% of poverty level) and thirteen household size categories (from 1 to 13 or more). A base LIHEAP benefit was defined for each household income category, with the benefit level declining as household income increases but increasing as household size increases. Additionally, for homes consuming higher levels of energy for home heating, an additional high energy benefit is provided. To determine which homes qualify for the high energy benefit, household primary heating fuel expenditures for the previous heating season are examined and those households whose expenditures exceed programmatic thresholds qualify. ABCD has an arrangement with local primary heating fuel suppliers to receive billing records of their LIHEAP clients. ABCD works with their client base to ensure that applications for LIHEAP assistance are up-dated each year. Appendix C contains the State of Massachusetts LIHEAP benefit schedules for the winters 1997/98 through 2000/01.
It should be noted that unlike the LIHEAP program, ABCD is not able to weatherize all eligible low income homes in any one year. In fact, ABCD only has funds to weatherize several hundred homes per year, which is only a fraction of ABCD's low income household client base. At the programmatic level, funds available for weatherization do not impact funds available for LIHEAP and visa versa. Also, there is no relationship between whether a home has been weatherized and whether the household can receive standard LIHEAP benefits because the latter are strictly income based.
The sample of households receiving both WAP and LIHEAP assistance was broken into three groups, WX1, WX2, and WX3. Shown in Table 1 are the time periods when each group received weatherization over a 3-year time span, from October 1996 to September 1999. Also shown are the dates when the impacts of weatherization on primary heating fuel use and level of LIHEAP benefits received should be observable. As expected, primary heating fuel savings should be observable in the first heating season after the weatherization period. LIHEAP benefits should be observable in the second heating season because in Massachusetts benefit levels are, in part, determined by previous years' household expenditures on energy for home heating, as described above. The sample of weatherized homes was developed in the following fashion. First, a goal of 100 homes per group was set. This number is sufficient for statistical assessment and was consistent with the project's time and budget constraints. Second, a list of the names of all the heads of households that received weatherizations during each period was developed. Third, this list was cross-referenced against a much larger list of heads of households that received LIHEAP benefits during each period. All households that received high energy benefits were retained in the sample. Fourth, to reach the sample goal of 100 for WX1 and WX2, additional weatherization files were chosen at random. Homes that had received weatherization but not high energy benefits were included just in case a relationship between weatherization and reduction in standard LIHEAP benefits could be detected in the data. For example, it could be the case that the level of benefit from weatherization is enough to make the balance of the bill affordable to the household in some cases and therefore reduce LIHEAP program participation. This last step was not necessary for WX3 because records were only available for 60 weatherized homes. Information recorded for each household from the weatherization files included weatherization completion date, cost of weatherization work, high energy status (for each year in the study period), house type (i.e., single family or apartment) and home heating fuel type (i.e., fuel oil, natural gas).
The sample of control group homes was developed in the following fashion. An available paper-copy of the computerized LIHEAP database was consulted on site at ABCD. This printout contained in alphabetical order all computerized information about ABCD's LIHEAP client base. One household was chosen at random from each page from this multi-hundred page print-out. This list was then cross-checked against the list of all households that had received weatherization assistance from 1995 through 2000. Weatherization records were not conveniently available to conduct this cross-check earlier than 1995. Any household that had received weatherization in that time period was dropped and another name was chosen at random from the page. This process was repeated until 100 control group households were identified. We believe that this data limitation had little if any impact on our analysis because given the very large pool of LIHEAP recipients and the very small number of completed weatherizations prior to 1995, it is improbable that many control group homes had been weatherized.
The following information about the 260 treatment group households and 100 control group households was then drawn from the LIHEAP print-out: ethnicity, age of household head, sex of household head, years in home, size of household, household income for each year in the 1997 to 2000 time period, LIHEAP benefits received each year during this time period (including eligibility for high energy benefits), and energy usage indicated on the clients' LIHEAP program applications for this time period. All the data collected were input into an ACCESS database and then imported into SAS for statistical analysis. Table 2 presents a summary of the demographic characteristics of the three weatherization groups and the control group. As expected, each group has a low average household income. Also similar across groups are the high average age of the household head (over fifty years old), high level of years in the home (the average was over ten years), and a very high rate of households headed by females, as compared to the general population. The high ages of the household heads, high level of years in the home, and very high rate of households headed by females were all unexpected results.
RESULTS
The groups differed in several respects. The average size of a control group household was smaller than the three weatherization groups but the size of the households over the weatherization groups varied, too. Control group households were much more likely to live in apartments and pay rent. A higher percentage of control group households are Caucasian whereas the weatherization group households were more likely to be African American. A higher percentage of WX1 and control group households reported natural gas as their primary home heating fuel than the other two weatherization groups. Overall, the percentage of homes heated with natural gas, between 80 to 90%, is higher than the percentage of home in the greater Boston area, which is around 60%. Table 3 presents average residential prices for natural gas and fuel oil for the State of Massachusetts for five heating seasons, 96/97 to 00/01, and total heating degree days for this time period as recorded by a weather station in the city of Boston. (See Appendix A for more detailed, monthly data.) This additional background information is useful for interpreting descriptive statistics presented later in this section. Please note that the first two winters were cooler than the latter three winters. Natural gas prices were high in two winters, 98/99 and 00/01. Interestingly enough, fuel oil prices were very low in the winter of 98/99 but high in 00/01. All else being equal, lower energy bills would be expected in warmer winters with lower energy prices, such as 98/99 and 99/00.
Figure 1 presents average home primary heating fuel bills for the three weatherization groups and the control group. These numbers represent total household home primary fuel heating bills-paid by the LIHEAP subsides and household contributions. Records with no energy bills during a period were dropped from the analysis. It should be noted that because the actual monthly billing records were not available to this project, it was not possible to weather-adjust energy consumption and energy expenditures.
Several observations can be made about the results presented in Figure 1 that indicate that weatherizations did lead to energy savings. First, households in the three weatherization groups had higher primary heating fuel bills pre-weatherization than the control group (see Winter 96/97). This result is expected because more of these homes are single family and because these homes were probably in more need of weatherization. Second, post-weatherization (i.e., by the Winter 99/00), the primary heating fuel bills for the treatment groups all decreased from the baseline (i.e., Winter 96/97) while control group bills increased, indicating that weatherization lead to decreases in primary heating energy demand the treatments homes.
Examining changes in bills from winter to winter also indicates that weatherized homes' primary heating fuel bills are relatively lower post-weatherization, as expected. For example, the percentage drop in bills for the first weatherization group, WX1, post-weatherization is 18.1% (from Winter 96/97 to Winter 97/98), which is larger than for the other two treatment groups (WX2 -13.3%, WX3 -9.8%) and the control group (9.5%) for that period of time. This same observation holds for the second weatherization group, WX2, which experienced a much larger drop in bills, 18.2%, postweatherization (from Winter 97/98 to Winter 98/99) than the other two treatment groups (WX1-8.2%, WX3 -14.4%) and the control group (3.0%). The only case that is not as clear relates to the third weatherization group, WX3, where primary heating fuel bills decreased sharply, 14.4%, the year prior to weatherization (from Winter 97/98 to Winter 98/99) but increased the year post-weatherization (from Winter 98/99 to Winter 99/00). However, given approximately the same weather conditions as the previous year, a nearly 50% increase in fuel oil prices (which increased bills for all the groups), and the fact that this group has a higher percentage of fuel oil users than the other groups, it could be expected that the bills for this group would have increased much more from Winter 98/99 to Winter 99/00 than the other groups. That the average increase in primary heating fuel bills was lower for WX3 than increases experienced by two of the three groups is an indication of the positive impact of weatherization on the WX3 treatment group.
Figure 2 presents the percentage of high energy benefit recipients in each of the four groups for four heating seasons. Remember that the impacts of weatherization on the determination of high energy benefits is expected to lag one year because the high energy subsidy determination is based on the previous years' primary heating fuel bills. Thus, for example, for WX1, a substantial decrease in high energy benefit recipients is expected in winter 98/99. Indeed, this is the case, as the percentage of recipients dropped nearly one-half from the previous heating season. WX2 shows an even higher percentage drop, over fifty percent from winter 98/99 to winter 99/00. WX3 shows a significant drop, but as with primary heating fuel bills, appears to have taken place one year earlier than expected. By the post-weatherization period, winter 00/01, the percentages of high energy users in the three treatment groups are similar to the percentage of high energy users in the control group. Thus, these results strongly suggest that weatherization helped to reduce the need for high energy benefits. This effect could be expected to last for twenty years, which is the typical lifetime assumed for weatherization measures (Brown et al. 1993) . Finding that the percentage of households receiving high energy benefits decreases postweatherization, a follow-on question is whether weatherization has an impact on the average LIHEAP benefits received by the treatment groups. Figure 3 presents the average LIHEAP benefits provided to households in each group. For these calculations, households not receiving benefits were treated as missing values for those periods when no benefits were received.
One observation is that average benefit levels increased for all groups over time. This is because the availability of LIHEAP funds increased over time. Pertinent to this study, it was expected that treatment households' benefit levels post-weatherization would come to resemble the benefit levels of the control group or even drop below the levels of the control group because weatherization could reduce primary heating fuel bills to levels below that of the average LIHEAP recipients. It was also expected that benefit level changes for treatment groups post-weatherization would be more modest than pre-weatherization. With respect to the first expectation, it can be noted that in the Winter 97/98 winter, average benefits received by WX1, WX2 and WX3 were 130%, 110%, and 110% of the control group benefits, respectively. By Winter 00/01, the percentages were 107%, 105%, and 103%, much closer to the benefits received by the control group. The results in Figure 3 also tend to support the second expectation. Part of the problem is that the benefits received by the control group appear to vary considerably from period to period, which is reflected by the variation in number of control group households receiving high energy benefits from period to period (see Figure 2) . The results presented in Table 4 are somewhat more definitive. Unlike the previous analysis, for these calculations, households with no reported LIHEAP benefits were not treated as missing values but were re-coded as zero benefits. This was done under the assumption that households could have dropped out of the LIHEAP program, and stopped receiving benefits, due to their participation in the weatherization program, even though LIHEAP program participation was not tied to the energy efficiency of homes. Twelve expectations were developed involving average LIHEAP benefits received pre-and post-weatherization. It was expected that average LIHEAP benefits received per household would be greater for each weatherization group than for the control group each winter every year pre-weatherization and during the year of weatherization. These expectations are based on the assumption that more households in the weatherization groups qualified for higher energy benefits than the control groups primarily because their homes were less energy efficient. One year after the weatherization period, it was expected that average LIHEAP benefits received per household would be less for each weatherization group than for the control group each winter. These expectations are based on the assumption that weatherization group homes are now more energy efficient, on average, than the control group homes, meaning that weatherization group households would be less likely to require high energy benefits. It is also possible that some households dropped out of the LIHEAP program because their primary heating fuel bills became more affordable. As Table 4 indicates, expectations were met in 11 of the 12 instances. It is possible that the results in Figure 3 and Table 4 are influenced by the fact that households receiving weatherization assistance were more likely to drop out of the LIHEAP program, as explained above, despite the independence of the LIHEAP eligibility from a home's energy efficiency. Figure 4 presents results that appear to support this hypothesis. Indeed, with respect to post-weatherization periods for groups WX1 and WX2, there were significant drops in the total number of households receiving LIHEAP benefits. Households in WX3 also dropped, although it again appears that the impacts upon WX3 take place one year before expected. However, it cannot be strongly concluded from these results that weatherization assistance leads to households dropping out of the LIHEAP program altogether. First, the control group sample was chosen to ensure that each household received LIHEAP benefits for multiple years. Thus, it could be that non-weatherized households drop out at a higher rate than indicated by the control group indicated in Figure 4 . Second, the results presented in Table 5 indicate that the households that left the LIHEAP program had higher incomes, fewer years in home, larger household sizes, and younger household heads than those households that remained in the program. Households with higher incomes to begin with are more likely than lower income households to increase their incomes enough to become ineligible for LIHEAP assistance. In addition, households with the demographics of those that dropped out of the program are likely to be more mobile than those that stayed in the program. Thus, the drop in the number of households receiving LIHEAP benefits in the treatment groups could be merely due to demographic factors. It also needs to be indicated that LIHEAP benefits do not cover all of a low income household's primary heating fuel bills in the State of Massachusetts in the years encompassed by this study (which is typical for LIHEAP programs around the country). As indicated in Figure 5 , for each heating season participating households' primary heating fuel bills were hundreds of dollars more than the benefits received. The only pattern recognizable with respect to weatherization is that postweatherization, winter 99/00, the difference in bills and LIHEAP benefits received appears much smaller and is more comparable to the control group than pre-weatherization, especially for the winter of 97/98. Additionally, the percentage of household income devoted to primary heating fuel payments by low-income households, see Figure 6 , is generally higher than the 3% devoted to all energy payments by non-low-income households as reported by DOE. Thus, these results suggest that weatherization does not lead households to drop out of the LIHEAP program entirely, as homes leaving the program are prone to be more mobile, and homes staying in the program are still poor and face primary heating fuel bills beyond their resources, even with LIHEAP subsidies.
Up to this point, the results strongly suggest that weatherization assistance reduces the need for high energy benefits but are ambiguous as to whether overall levels of LIHEAP assistance are also reduced. What is needed now are statistical tests to indicate whether LIHEAP assistance is reduced post-weatherization. Appendix B documents two approaches to this task: simple correlation and multiple regression. With respect to the former, a categorical variable was developed to indicate the level of LIHEAP assistance a household may have received in a year (e.g., no assistance, only standard benefits, high energy benefits). This variable is significantly correlated with weatherization with the expected sign.
With respect to the latter, the categorical variable was used as the dependent variable in a categorical repeated measures generalized linear regression model. In this model, the weatherization variable coefficient was significant and had the expected sign, thus supporting our hypothesis that weatherization can be linked to reductions in needs for LIHEAP benefits. The significance of the coefficients for other independent variables in the model indicate that: households that are less likely to move and have more stable low income patterns (which might be the case for households with older heads than with younger heads) will receive a more stable pattern of LIHEAP subsidies over time; and smaller households (those headed by females) are less likely to require high-energy subsidies. 
CONCLUSIONS
This project assessed the relationships between two important federal programs aimed at assisting low income households, LIHEAP and WAP. Data were collected about low income households in Boston, Massachusetts and their receipt of LIHEAP and/or weatherization assistance. The overall conclusions of this study are that weatherization decreased the need for high energy benefits but did not lead to low income households relinquishing the need for standard LIHEAP benefits. Although these results are not unexpected, this is the first study to quantitatively address this question. What was unexpected were the profiles of the treatment groups and control group, which had much older household heads who had resided much longer in their homes than expected. The very high percentage of female headed households was also unexpected.
It was not possible to estimate a monetary benefit of the weatherization program to the LIHEAP program for a couple of reasons. First, the level of LIHEAP benefits changes each year, depending on funding from the U.S. Congress and the State of Massachusetts and expected energy prices. Thus, it was not possible to develop a baseline LIHEAP benefit. Second, it can be argued that the benefit of the weatherization program to LIHEAP is not a reduction in the number of households eligible for LIHEAP (because LIHEAP eligibility is solely based on income) but is actually related to how high-energy benefit funds could have been re-allocated to increase the average LIHEAP benefit per household over the entire program. Data were not available to this project to assess potential reallocations of LIHEAP funds.
Additional research on the relationships between the WAP and LIHEAP programs could focus on a rural setting instead of an urban setting and could focus on states that administer their LIHEAP programs different from the state of Massachusetts. With respect to the ABCD program, survey research could focus on why LIHEAP recipient households, both weatherized and nonweatherized, left the LIHEAP program and further data analysis could use actual primary heating fuel bills, pre-and post-weatherization, which could then be weather adjusted. Lastly, consideration should be given to refining specifications for treatment and control groups to improve comparability. For example, a future study could focus only on single family homes whose primary heating fuel was natural gas.
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APPENDIX A: RESIDENTIAL NATURAL GAS AND NO. 2 HEATING OIL PRICES AND HEATING DEGREE DAYS
This table contains average monthly residential natural gas and fuel oil prices for the State of Massachusetts and total heating degree days as measured at a weather station in Boston for the five winters included in this study. 
APPENDIX B: SIMPLE CORRELATION AND CATEGORICAL REPEATED MEASURES GENERALIZED LINEAR REGRESSION MODEL
This appendix documents two approaches exploring a statistical relationship between weatherization and LIHEAP benefits: simple correlation and multiple regression. With respect simple correlation, a partially-ordinal variable was created to describe a household's level of benefits received for each year. The values are as follows: 5 = eligible for high energy benefits and used all benefits 4 = eligible for high energy benefits and did not use all benefits (i.e., primary heating fuel bills were less than the benefits for which the household was eligible to receive) 3 = eligible for standard benefits and used all benefits 2 = eligible for standard benefits and did not use all benefits 1 = did not receive benefits It is expected, for instance, that a household receiving high energy benefits and weatherization assistance would move from category 5 to 3 or lower in the year following weatherization, resulting in a -2 or more change in this variable. It is expected that a household receiving standard benefits and weatherization assistance could move from category 3 to 2 or lower, resulting in a -1 or more change in this variable. It is not expected that households receiving weatherization assistance would move up the LIHEAP assistance scale. Furthermore, it is expected that households not receiving weatherization assistance would probably not systematically move up or down the LIHEAP assistance scale but could move up or down the scale with equal likelihood.
With these expectations in mind, the hypothesis tested was whether the weatherized group average change in the LIHEAP benefits scale minus the average change in the LIHEAP benefits scale of the control group was negative and significantly different from zero. Because the scale here is only partially ordinal, value differences were adjusted, rather than used directly. In addition to tied values (no change), changes from 4 to 2 and vise versa or 4 to 3 and vice versa were scored as 0 change, because a value of 4 could actually represent either a better or worse case than a 2 or a 3. Other changes were scored as plus or minus 1 (depending on the direction of the change), except for changes from 1 to 5 or 5 to 1, which were scored as a plus or minus 4. Using this scoring system, the average difference was calculated to be -0.34. A Z-test to determine whether this difference was different from zero produced a z-score of -2.53, which is significant at the .006 level. Thus, it can be concluded that weatherization is significantly correlated with lower LIHEAP benefit subsidies overall.
Lastly, we developed a statistical model that relates LIHEAP benefits received to weatherization controlling for demographic variables. In other words, the model explores the impact of the treatment, weatherization, on the outcome under study, receipt of LIHEAP benefits. As reported above, the results indicate that weatherization reduced the probability that households living in weatherized homes would require high energy benefits. It is also reported that weatherization appears to be correlated to reduced LIHEAP benefits when one employs a partially-ordinal scale to measure LIHEAP benefits. However, these observations do not control for demographic influences upon receipt of LIHEAP benefits. For example, might sex or age of the household head have more on impact LIHEAP benefits received than the weatherization treatment? The model described below attempts to sort out answers to these types of questions.
The model developed herein is more complicated and the statistical technique used more sophisticated than normally found in these types of analyses. There are two reasons for this. First, the dependent variable is categorical, produced given the methodology described above for the correlation test. Because the model used in the analysis below requires an ordinal dependent variable, and because very few households fell into categories 2 or 4, homes that fell into categories 2 or 4 were re-coded into category 3. The resulting three-level categorical variable is ordinal. Because of the categorical nature of the dependent variable, standard linear regression techniques, which assume continuous dependent variables, could not be used.
The second complexity of this model relates to its observations. Up to three pre-weatherization observations were defined for each household in the study, for the winters 1997/98, 1998/99, and 1999/00. For WX1, 1997/98 was recorded as a pre-treatment year and the years 1998/99 and 1999/00 were recorded as post-treatment years. Each control group record was recorded as pre-treatment and coded as weatherization = 0. For WX2,1998/99 was recorded as a pretreatment year and1999/00 was recorded as a post-treatment year (i.e., as weatherization = 1). For example, for each household in WX3, there is one record pre-weatherization, 1997/98. The winter of 99/00 was recorded as a pre-treatment year because LIHEAP benefits were not expected until the following winter.
This approach to developing the observations for the model incorporates repeated measures-i.e., more than one observation per household. To estimate this model, a procedure in SAS was used to estimate a categorical repeated measures generalized linear regression model (Liang and Zeger 1986) . The results are presented in Table B .1. Before interpreting the results in Table B .1, a few other points need to be made. First, several demographic variables that appear in Table 2 have been dropped. These include household size, home ownership and household income. The first two were dropped because they were insignificant and correlated with a remaining variable, sex of the household head. Income was dropped because it was not collected in years when households did not receive benefits, which resulted in a large number of additional observations that were dropped from the model, including all households falling into category 1.
Second, the non-linear statistical technique employed to estimate this model is based on cumulative logits. Because the dependent variable has three scales, there are two cumulative logits, log [p1/(1-p1)] and log [(p1+p2)/p3], where p1=P(LIHEAP Class = 1), p2 = P(LIHEAP Class = 3), and p3 = P(LIHEAP Class =5). This explains why there are two intercepts in the model. Also, with the cumulative logits and LIHEAP classes defined as above, a positive coefficient for years in home (or any variable) denotes that the cumulative logits tend to increase, and the LIHEAP classes tend to decrease with increasing years in home (or any other variable). In other words, interpretation of the signs of the coefficients is opposite how coefficients are interpreted in standard multiple regression models.
With these thoughts in mind, let's review the weatherization variable coefficient (see Table  B .1). The coefficient is negative when the home is NOT weatherized. This means that the cumulative logits tend to decrease and the LIHEAP classes tend to increase, toward the receiving high energy benefits end of the categorical scale. This is as expected. Additionally, the variable is quite significant. Thus, the model supports the basic thesis of this study, that weatherization can lead to reduced levels of LIHEAP subsidies.
The model also has several other significant variables. Two dummy variables, added to help control for aspects that might make one year's LIHEAP benefits different from other years, Year97 and Year98 were both significant. Three demographic variables were also significant. Years in home and age of household head were significant and carry negative signs on their coefficients. This implies that as these variables increase, the class of LIHEAP benefits increases. The opposite is the case for households headed by females, where the class of LIHEAP benefits decreases. These results can interpreted to mean that households that are less likely to move and have more stable low income patterns (which might be the case for households with older heads than with younger heads) will receive a more stable pattern of LIHEAP subsidies over time. Additionally, smaller households, those headed by females, are less likely to require high energy subsidies, which are based strictly on previous winter's energy bills and not on household size. 
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